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METHOD AND SYSTEM FOR
COMPENSATING FOR IMAGE BLUR BY
MOVING IMAGE SENSOR

CROSS-REFERENCE TO RELATED PATENT
APPLICATION

This application claims priority from Korean Patent Appli-
cation No. 10-2012-0042715, filed on Apr. 24, 2012, in the
Korean Intellectual Property Office, the disclosure of which is
incorporated herein in its entirety by reference.

BACKGROUND

1. Field

Methods and apparatuses consistent with exemplary
embodiments relate to compensating for image blur by mov-
ing an image sensor, and more particularly, to compensating
for image blur by moving an image sensor after calculating a
moving distance and a moving speed of the image sensor
based on movement distance and speed of a subject on a
camera screen.

2. Description of the Related Art

For a surveillance camera to obtain an image of a subject,
an image sensor is exposed to light for a predetermined time
to obtain one image frame. When a moving subject is cap-
tured, the subject does not stand still, and thus, image blur
may be generated due to movement of the subject. In this case,
information about the moving subject may be lost in a cap-
tured image, and thus, the surveillance camera may not oper-
ate properly.

SUMMARY

One or more exemplary embodiments provide a method
and system for compensating for image blur by moving an
image sensor after calculating a moving distance and a mov-
ing speed of the image sensor based on a movement distance
and speed of a subject on a camera screen or display.

According to an aspect of an exemplary embodiment, there
is provided a system for compensating for image blur, the
system including: a movement detector which an appearance
of a subject moving in a surveillance range in order to calcu-
late a movement distance and speed determines movement
characteristics of a subject on a display of a camera which
obtains an image of the object; a calculator which determines
moving characteristics of an image sensor based on the move-
ment characteristics of the subject; and a moving unit which
moves the image sensor for an exposure time of at least one
predetermined frame based on the moving characteristics of
the image sensor.

The movement characteristics of the subject may include a
movement distance and speed of the subject on the display,
and the moving characteristics of the image sensor may
include a moving distance and speed of the image sensor with
respect to a direction of a lens of the camera within the
camera.

The moving unit may move the image sensor with respect
to the direction of the lens of the camera within the camera for
the exposure time of the predetermined frame so that a given
pixel of the image sensor outputs an image of a same portion
of the subject regardless of the moving of the subject in the
surveillance region.

The moving unit may include a piezoelectric element.

The image sensor may be moved to an original position
during a vertical synchronization time between the predeter-
mined frame and a following frame of the predetermined
frame.
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The moving distance of the image sensor may be calculated
by multiplying a number of pixels of the image sensor corre-
sponding to the movement distance of the subject on the
display to a unit cell size of the image sensor.

The moving speed of the image sensor may be calculated
by dividing the moving distance of the image sensor by the
exposure time.

If a background of an image of the subject obtained by
moving the image sensor is blurred, the background may be
replaced.

The movement detector may set at least one frame, having
a given frame interval, at which the movement detector deter-
mines the movement characteristics of the subject, and the
moving unit may move the image sensor for the exposure time
of'the at least one predetermined frame which is at least one
frame provided during the given frame interval

According to an aspect of another exemplary embodiment,
there is provided a method of compensating for image blur,
the method including: determining movement characteristics
of'a subject on a display of a camera which obtains an image
of the subject; determining moving characteristics of an
image sensor based on the movement characteristics of the
subject; and moving the image sensor for an exposure time of
at least one predetermined frame based on the moving char-
acteristics of the image sensor.

The movement characteristics of the subject may include a
movement distance and speed of the subject on the display,
and the moving characteristics of the image sensor may
include a moving distance and speed of the image sensor with
respect to a direction of a lens of the camera within the
camera.

The moving the image sensor may include moving the
image sensor with respect to the direction of the lens of the
camera within the camera for the exposure time of the prede-
termined frame so that a given pixel of the image sensor
outputs an image of a same portion of the subject regardless of
the moving of the subject in the surveillance region.

The method may further include moving the image sensor
to an original position during a vertical synchronization time
between the predetermined frame and a following frame of
the predetermined frame.

The moving distance of the image sensor may be calculated
by multiplying a number of pixels of the image sensor corre-
sponding to the movement distance of the subject on the
display to a unit cell size of the image sensor.

The moving speed of the image sensor may be calculated
by dividing the moving distance of the image sensor by the
exposure time.

Ifa background of an image objected by moving the image
sensor is blurred, the background may be replaced.

The method may further include setting at least one frame,
having a given frame interval, at which the movement char-
acteristics of the subject is determined, wherein the moving
the image sensor may include moving the image sensor for
the exposure time of the at least one predetermined frame
which is at least one frame provided during the given frame
interval.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other aspect will become more apparent by
describing in detail exemplary embodiments with reference
to the attached drawings, in which:

FIGS. 1A and 1B show diagrams for describing blurring of
a subject photographed with a general camera;

FIG. 2 is a block diagram of a system for compensating for
image blur, according to an exemplary embodiment;
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FIG. 3 is a diagram for describing a process of calculating
a movement distance and speed of a subject, according to an
exemplary embodiment;

FIG. 4 is a diagram for describing an arrangement of an
image sensor and piezoelectric elements, according to an
exemplary embodiment;

FIG. 5 is a diagram for describing a process of compensat-
ing for image blur, according to an exemplary embodiment;

FIG. 6 is a flowchart illustrating a method of moving an
image sensor based on movement of a subject, according to an
exemplary embodiment; and

FIG. 7 is a flowchart illustrating a method of moving an
image sensor based on movement of a subject, according to
another exemplary embodiment.

DETAILED DESCRIPTION OF THE
EXEMPLARY EMBODIMENTS

Hereinafter, exemplary embodiments of the inventive con-
cept will be described more fully with reference to the accom-
panying drawings. The inventive concept may, however, be
embodied in many different forms and should not be con-
strued as being limited to the embodiments set forth herein;
rather, these embodiments are provided so that this disclosure
will be thorough and complete, and will fully convey the
inventive concept to those skilled in the art. In the drawings,
like reference numerals denote like elements.

FIGS. 1A and 1B are diagrams for describing blurring of a
subject photographed or captured with a general camera.

First, FIG. 1A shows a result of outputting a photographed
subject on an image sensor when the subject is not moving,
and FIG. 1B shows a result of outputting a photographed
subject on the image sensor when the subject is moving.

Referring to FIG. 1A, the subject having a shape (a-1) is
output on the image sensor as shown in (a-2) at pixels corre-
sponding to a location of the subject when the subject is not
moving.

On the other hand, referring to FIG. 15, since values of the
moving subject as shown in (b-1) displayed at respective pixel
positions change during a predetermined period when a frame
is exposed, values of the moving subject output at certain
pixels of an image sensor change as shown in (b-2). In other
words, since values output at first through fourth pixels over-
lap as the subject moves, an original shape ofthe subject is not
accurately displayed, an output value of the image sensor is
changed, and image blur is generated.

According to an exemplary embodiment, in order to com-
pensate for blur of the moving subject, the image sensor is
also moved at a movement speed of the subject so that an
accurate output image of the moving subject is obtained.

FIG. 2 is a block diagram of a system for compensating for
image blur, according to an exemplary embodiment.

Referring to FIG. 2, the system for compensating for image
blur by moving an image sensor may include a camera 10, a
moving unit 20, an image pre-processor 100, a movement
detector 200, a calculator 300, and an output unit 400.

First, the camera 10 is an imaging device for obtaining an
image of an image target, and according to an exemplary
embodiment, the camera 10 may be a network camera that
transmits a moving image in real time. Alternatively, the
camera 10 may be an imaging device, such as a closed-circuit
television (CCTV) or acamcorder, installed at alocation to be
to be monitored by a surveillance system. The camera 10
includes an image sensor (not shown) that converts an imag-
ing result into an electric image signal.

In the current embodiment, the image sensor provided
inside the camera 10 may be moved by the moving unit 20 by
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a value proportional to a movement distance and speed of a
subject during one frame as described below. The moving unit
20 controls the movement of the image sensor. A method of
moving the image sensor and a structure of the moving unit 20
will be described below in detail.

Next, the image pre-processor 100 converts input data pro-
vided from the camera 10 from an analog signal to a digital
signal. Although the image pre-processor 100 is located out-
side the camera 10 in FIG. 2, the image pre-processor 100
may be provided inside the camera 10, together with the
image sensor. Also, the image pre-processor 100 may include
adecoder (not shown) for converting an analog input image to
a digital image.

Next, the movement detector 200 detects an appearance of
the subject moving in a surveillance range and calculates a
movement distance and speed of the subject on a screen of the
camera 10. In detail, when the subject moves, the number of
blurred pixels is calculated by calculating a distance of the
subject that moves in the entire screen based on a movement
distance and speed of the subject during an exposure time of
one frame.

Hereinafter, a process of the movement detector 200 cal-
culating the number of blurred pixels is described, and for
convenience of description, it is assumed that the subject
moves only in a horizontal direction in the screen of the
camera 10. When object_move denotes an actual movement
distance of the subject in the screen during the exposure time
of'one frame, object_move may be represented by Equation 1
below:

object_move=V-T [Equation 1]

In Equation 1, V denotes a speed of the subject on the
screen and T denotes the exposure time of one frame of the
camera 10.

The number of pixels corresponding to movement of the
subject in one frame, i.e., the number of blurred pixels in the
image, is determined based on Equation 1. The number of
blurred pixels is related to a movement distance of the subject
in one frame with respect to a size of the entire image. When
pixel_blur denotes the number of blurred pixels, a relation-
ship between pixel_blur and object_move may be represented
by Equation 2 below:

H:object_move=PN_Hpixel_blur [Equation 2]

In Equation 2, H denotes a horizontal distance of a back-
ground on the screen of the camera 10, and PN_H denotes a
number of horizontal pixels of the image sensor of the camera
10. In other words, a ratio of a horizontal screen length of the
camera 10 and a movement distance of the subject during the
exposure time is identical to a ratio of the number of horizon-
tal pixels of the image sensor and the number of blurred
pixels.

When Equation 1 is used in Equation 2, the number of
blurred pixels in the image of the camera 10 is determined by
Equation 3 below:

object_move-PN_H V.T-PN_H
H B H

[Equation 3]

pixel_blur=

As shown in Equation 3, the movement detector 200 cal-
culates the number of blurred pixels based on the speed of the
moving subject in the image, the exposure time, the horizon-
tal distance of the image, and the number of horizontal pixels
of the image sensor.
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FIG. 3 is a diagram for describing a process of calculating
a movement distance and speed of a subject, according to an
exemplary embodiment.

Referring to images (a-1) and (a-2) in FIG. 3, the subject
moves during an exposure time of one frame in an image
taken by the camera 10. The movement detector 200 obtains
images (c-1) and (c-2) including only the moving subject by
removing an image (b) including only a background. Here,
the background in the image (b) may constantly stand still
before the subject moves in the screen with respect to the
background.

Then, the movement detector 200 calculates the movement
distance and speed of the moving subject by combining the
images (c-1) and (¢-2) including only the moving subject. As
described above, the movement speed of the subject may be
calculated by dividing a distance of the subject moving during
one frame in an image by an exposure time.

Next, the calculator 300 may calculate a moving distance
and a moving speed of an image sensor based on the move-
ment distance and the movement speed of the subject.
According to an exemplary embodiment, the image sensor is
minutely movable by a piezoelectric element. The calculator
300 calculates a value for moving the image sensor by a
number of blurred pixels that so as to compensate for blur
caused by the moving subject in the image.

When IS_move denotes the moving distance of the image
sensor, IS_move may be calculated according to Equation 4
below:

IS_move = pixel_blur-UCS_H [Equation 4]

V-T-PN_H
=———UCS_H

In Equation 4, UCS_H denotes a horizontal unit cell size of
the image sensor. In other words, the moving distance of the
image sensor is calculated by multiplying the number of
pixels corresponding to the movement of subject in the image
sensor, i.e., the number of blurred pixels, by the horizontal
unit cell size of the image sensor.

Also, when IS_v denotes the moving speed of the image
sensor, IS_v may be calculated according to Equation 5
below:

IS_move
T
V.T-PN_H-UCS_H
=

[Equation 5]

IS v=

As described above, since T denotes an exposure time of
one frame during photographing, the moving speed of the
image sensor may be calculated by dividing the moving dis-
tance of the image sensor by the exposure time.

The calculator 300 provides the calculated moving dis-
tance and moving speed of the image sensor to the moving
unit 20 that adjusts the image sensor of the camera 10. The
moving unit 20 moves the image sensor during the exposure
time of the frame based on the moving distance and moving
speed of the image sensor. According to an exemplary
embodiment, a moving element for moving the image sensor
may be a piezoelectric element. The piezoelectric element
may minutely move the image sensor according to a small
amount of an input value.
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FIG. 4 is a diagram for describing an arrangement of a
camera lens 11, the moving unit 20 of FIG. 2, an image sensor
21 and piezoelectric elements 22a and 225, according to an
exemplary embodiment.

Referring to FIG. 4, the image sensor 21 is disposed inside
a camera. According to an exemplary embodiment, a space
where the image sensor 21 is movable up, down, left, or right,
exists inside the camera while the camera lens 11 is directed
to a fixed direction. Also, the piezoelectric element 224 for an
up-and-down direction and the piezoelectric element 225 for
a right-and-left direction in FIG. 3 may move the image
sensor 21 respectively in an up-and-down direction and a
right-and-left direction. Here, the image sensor 21 moves
with respect to the camera lens 11. That is, the movement of
the image sensor 21 may be independent from movement of
the camera lens 11 when a direction of the camera lens 11
changes. The moving unit 20 and the calculator 300 may
communicate with each other to receive data about the mov-
ing distance and the moving speed of the image sensor 21, and
control the piezoelectric elements 22a and 225.

Also, the moving unit 20 moves the image sensor 21 as
described above during the exposure time of one frame, and
moves the image sensor 21 to an original position during a
vertical synchronization time between the frame and a fol-
lowing frame.

Referring back to FIG. 2, the output unit 400, which may
comprises a display or screen, outputs an image where blur is
compensated for as described above. The output unit 400 may
include a background replacer 410. The background replacer
410 may replace a background when the background is
blurred due to the movement of the image sensor.

When the image sensor moves based on the movement
distance and speed of the subject, the background excluding
the moving subject may be blurred. In other words, when the
image sensor is moved during the exposure time of one frame,
the background may be blurred as if it has moved. In order to
prevent blur from being output on the background, the back-
ground replacer 410 in the output unit 400 replaces the back-
ground excluding the moving subject. The background
replacer 410 may replace the background with one that has
been repeatedly captured for predetermined frames by the
camera 10 before the moving object appeared.

As described above, the image sensor may be moved dur-
ing the exposure time of the frame by calculating the moving
distance and moving speed of the image sensor based on the
movement distance and movement speed of the subject, and
returning the image sensor back to the original position dur-
ing the vertical synchronization time between frames.

Alternatively, according to another exemplary embodi-
ment, the image sensor may be moved by calculating the
movement of the subject at predetermined frame intervals to
use the calculated movement across other frames without
having to calculate the movement of the subject for each
frame.

In other words, when the movement of the subject is cal-
culated at n frame intervals, (0-th, n-th, 2n-th, 3n-th, . . .)
frames and so on are set as movement detecting frames and
the movement of the subject is detected to calculate the
movement distance and speed of the subject. Also, the image
sensor is moved in other (1st, 2nd, . . . , (n-1)-th, (n+1)-th,
(n42)-th, . . ., (2n-1)-th, (2n+1)-th, . . . ) frames. Here, the
moving distance and the moving speed of the image sensor
respectively refer to the moving distance and the moving
speed calculated from the latest movement detecting frame.
For example, the moving distance and the moving speed of
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the image sensor in the ((n+1)-th, (n+2)-th, . . ., (2n-1)-th)
frames is derived from the movement of the subject calculated
in the n-th frame.

The other exemplary embodiment described above is used
since the subject mostly moves at almost constant speed from
the appearance to disappearance on the screen of the camera
10. When the moving distance and the moving speed of the
image sensor is determined based on the movement speed and
distance of the subject only in frames at predetermined inter-
vals, a process efficiency may be increased as a calculation
amount for driving a system is decreased.

FIG. 5 is a diagram for describing a process of compensat-
ing for image blur, according to an exemplary embodiment.

Referring to FIG. 5, first, the movement detector 200 sets
(0-th, n-th, 2n-th, 3n-th, . . . ) frames as movement detecting
frames at n frame intervals. Then, the movement distance and
speed of the subject are calculated as shown in FIG. 3 in the
0-th frame to calculate the moving distance and the moving
speed of the image sensor. In other words, the movement
detecting frame is a frame for obtaining the moving distance
and the moving speed of the image sensor, and the image
sensor is not moved in the movement detecting frame.

Next, the image sensor is moved according to the moving
distance and the moving speed of the image sensor calculated
in the Oth frame in the first through (n-1)-th frames. As a
result, blur of the subject moving in the image may be com-
pensated for. However, when the image sensor moves as
shown in FIG. 5, the movement of the subject may be com-
pensated for, however, the background may be blurred since
the background maintains the same location during the expo-
sure time.

Accordingly, the background replacer 410 may replace the
background of the image where the background is blurred due
to the movement of the image sensor. As a result, an output
image in which blur is compensated for with regard to the
movements of both the background and subject may be
obtained.

As such, blur of the moving subject is compensated for by
moving the image sensor during the exposure time in the first
through (n-1)-th frames based on the moving distance and the
moving speed of the image sensor calculated in the 0-th
frame.

Repeatedly, the movement distance and speed of the sub-
ject moving in the n-th, 2n-th, and 3n-th frames that are
movement detecting frames are detected to calculate the mov-
ing distance and the moving speed of the image sensor, and
the moving unit 20 moves the image sensor based on the
moving distance and the moving speed of the image sensor
calculated in the n-th, 2n-th, and 3n-th frames. Also, when the
background is blurred by moving the image sensor, the back-
ground replacer 410 replaces the background.

FIG. 6 is a flowchart illustrating a method of moving an
image sensor based on movement of a subject, according to an
exemplary embodiment.

Referring to FIG. 6, a background which stands still is
extracted from an image where a moving subject has not
appeared in operation S11.

Then, appearance of the moving subject is detected in a
surveillance range, and a movement distance and speed of the
moving subject on a screen of the surveillance camera are
calculated in operation S12.

Then, a moving distance and a moving speed of an image
sensor are calculated based on the movement distance and
speed of the subject in operation S13.

Then, the image sensor is moved based on the moving
distance and the moving speed in operation S14.
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Then, when a background is blurred due to the movement
of the image sensor, the background is replaced in operation
S15 by the background extracted in operation S11.

Then, the output unit 400 outputs an image in which the
blur of the moving subject is compensated for by moving the
image sensor in operation S16.

FIG. 7 is a flowchart illustrating a method of moving an
image sensor based on movement of a subject, according to
another exemplary embodiment.

First, a background which stands still is extracted from an
image where a moving subject has not appeared in operation
S21.

Then, movement detecting frames are set at n frame inter-
vals considering a calculation amount, in operation S22.

Then, a movement distance and speed of the moving sub-
ject on a camera screen are calculated in a predetermined
movement detecting frame, in operation S23.

Then, a moving distance and a moving speed of an image
sensor are calculated based on the movement distance and
speed of the moving subject in the predetermined movement
detecting frame, in operation S24.

Then, the image sensor is moved according to the moving
distance and the moving speed during n-1 frames after the
predetermined movement detecting frame, in operation S25.

Then, when a background is blurred in the n-1 frames due
to the movement of the image sensor, the background is
extracted in operation S26 to the one extracted in operation
S21.

Lastly, the output unit 400 outputs an image in which blur
of the moving subject is compensated for by moving the
image sensor in operation S27.

According to the above exemplary embodiments, image
blur can be compensated for by moving an image sensor after
calculating a moving distance and a moving speed of the
image sensor based on a movement distance and speed of a
subject on a camera screen. While the above exemplary
embodiments are described for a case in which a subject is
moving, the inventive concept may also apply to a case in
which a camera obtaining images of the subject is moving
while the subject stands still to generate image blur.

While the inventive concept has been particularly shown
and described with reference to exemplary embodiments
thereof, it will be understood by those of ordinary skill in the
art that various changes in form and details may be made
therein without departing from the spirit and scope of the
inventive concept as defined by the following claims.

What is claimed is:

1. A system for compensating for image blur, the system

comprising:

a movement detector configured to detect an appearance of
a subject moving in a surveillance range in a direction
horizontal to a display of a camera in order to calculate
movement characteristics of the subject on the display of
the camera which obtains an image of the object;

a calculator configured to determine moving characteris-
tics of an image sensor provided inside a body of the
camera in proportion to the movement characteristics of
the subject; and

a moving unit configured to move the image sensor inde-
pendently from the body of the camera for an exposure
time of at least one predetermined frame based on the
moving characteristics of the image sensor,

wherein the movement characteristics of the subject com-
prise a movement distance and speed of the subject on
the display, and
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wherein the moving characteristics of the image sensor
comprise a moving distance and speed of the image
sensor with respect to a direction of a lens of the camera
within the camera,

wherein the moving unit is further configured to move the

image sensor with respect to the direction of the lens of
the camera within the camera for the exposure time of
the predetermined frame while the lens of the camera is
directed to a fixed direction so that a given pixel of the
image sensor outputs an image of a same portion of the
subject regardless of the moving of the subject in a
surveillance region.

2. The system of claim 1, wherein the moving unit is
connected to a piezoelectric element.

3. The system of claim 1, wherein the image sensor is
moved to an original position during a vertical synchroniza-
tion time between the predetermined frame and a following
frame of the predetermined frame.

4. The system of claim 1,

wherein the moving distance of the image sensor is calcu-

lated by multiplying a number of pixels of the image
sensor corresponding to the movement distance of the
subject on the display to a unit cell size of the image
sensor.

5. The system of claim 1,

wherein the moving speed of the image sensor is calculated

by dividing the moving distance of the image sensor by
the exposure time.

6. The system of claim 1, wherein, if a background of an
image of the subject obtained by moving the image sensor is
blurred, the background is replaced.

7. The system of claim 1, wherein the movement detector
sets at least one frame, having a given frame interval, at which
the movement detector determines the movement character-
istics of the subject, and

wherein the moving unit moves the image sensor for the

exposure time of the at least one predetermined frame
which is at least one frame provided during the given
frame interval.

8. A method of compensating for image blur, the method
comprising:

determining movement characteristics of a subject in a

direction horizontal to a display of a camera which
obtains an image of the subject;

determining moving characteristics of an image sensor

provided inside a body of the camera in proportion to the
movement characteristics of the subject; and
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moving the image sensor independently from the body of
the camera for an exposure time of at least one predeter-
mined frame based on the moving characteristics of the
image sensor,

wherein the movement characteristics of the subject com-

prise a movement distance and speed of the subject on
the display, and

wherein the moving characteristics of the image sensor

comprise a moving distance and speed of the image
sensor with respect to a direction of a lens of the camera
within the camera,

wherein the moving the image sensor comprises moving

the image sensor with respect to the direction of the lens
of the camera within the camera for the exposure time of
the predetermined frame while the lens of the camera is
directed to a fixed direction so that a given moving of the
subject in a surveillance region.

9. The method of claim 8, further comprising moving the
image sensor to an original position during a vertical synchro-
nization time between the predetermined frame and a follow-
ing frame of the predetermined frame.

10. The method of claim 8,

wherein the moving distance of the image sensor is calcu-
lated by multiplying a number of pixels of the image
sensor corresponding to the movement distance of the
subject on the display to a unit cell size of the image
sensor.

11. The method of claim 8,

wherein the moving speed of the image sensor is calculated
by dividing the moving distance of the image sensor by
the exposure time.

12. The method of claim 8, further comprising:

determining whether a background of an image obtained

by moving the image sensor is blurred; and

ifitis determined that the background is blurred, replacing

the background.

13. The method of claim 8, further comprising setting at
least one frame, having a given frame interval, at which the
movement characteristics of the subject are determined, and

wherein the moving the image sensor comprises moving

the image sensor for the exposure time of the at least one
predetermined frame which is at least one frame pro-
vided during the given frame interval.
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